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Abstract
Coral reefs are the most productive, biodiverse ecosystems in the ocean despite covering only
<.5% of the ocean floor. In today’s changing climate, coral reefs face a multitude of threats
including ocean warming, coral bleaching, ocean acidification, overfishing, increasing human
population, and coral mining, among others. One way to protect coral reefs is to establish a
marine protected area to limit damage and contamination. This study aimed to examine coral
species distribution as well as percent cover of sessile organisms and substrates including coral,
fire coral, algae, and sponges on protected and non-protected reefs in order to attempt to analyze
the effect of protection on coral reefs in Guna Yala, Panama. Based on the data collected,
protected areas had higher algae cover (P<.01, df=107), lower coral cover (P<.0001, df=138),
and a higher relative abundance of corals with a “weedy” life history such as Porites astreoides
(P<.05, df=80). The data also showed that uninhabited islands tended to have significantly higher
average coral cover (P<.0001, df=146) and lower average algae cover (P<.0001, df=161), as well
as lower relative abundance of P. astreoides (P<.01, df=134). When the protected site sampled
was compared to an unprotected site that was around the same island, the protected area was
found to have higher coral cover (P<.01, df=71) and lower algae cover (P<.05, df=72) than the
unprotected area. Ultimately, lack of human population and protected status were found to be
positive factors for coral reef health, and future study should be done to further examine the
relationship between these two factors.
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Introduction
Coral Reefs
Corals are animals in the phylum Cnidaria. Hard corals are a category of coral that is responsible
for building coral reefs as they exist today. Polyps of hard corals create a calcium carbonate
skeleton in which they can live, and the polyps add to the calcium carbonate skeleton over time
in order to grow the coral colony. This process is essential for the growth and resilience of coral
reefs, and it would not be possible without the symbiotic relationship between coral polyps and
zooxanthellae (Waddell 2015, Camargo et al. 2008, DeGeorges et al. 2010). Zooxanthellae are a
type of microalgae that lives on coral. The zooxanthellae use the waste products from coral
polyps in order to perform photosynthesis, and in return provide the polyps with nutrients and
oxygen. This exchange allows polyps to grow at an increased rate and have the energy and
resources needed to construct elaborate reefs capable of supporting high biodiversity (DeGeorges
et al. 2010). Soft corals also have polyps and zooxanthellae, but they do not construct calcium
carbonate structures like hard corals do. Due to the symbiotic nature of the corals and the
zooxanthellae, coral reefs occupy a fairly narrow set of conditions as they only occur where both
the coral polyps and the zooxanthellae can thrive. Generally these conditions are met between
about 30 N and 30 S where water temperatures range from about 25 C - 29 C (Waddell
2015). Maximum depth of coral reefs is dependent on water clarity, but must be shallow enough
that sunlight can reach the corals and zooxanthellae can photosynthesize.
Coral reefs occupy only <0.5% of the ocean floor, but have unprecedented levels of productivity
and biodiversity. For example, one third of all marine fish live on coral reefs (Camargo et al.
2008). These unique ecosystems are important to the multitude of plants and animals that inhabit
them, as well as the tens of millions of people who depend on coral reefs either for food or for
their livelihood. Coral reefs also act as buffers of waves and currents which protect coast lines
from damage and erosion (Guzman 2003). As a result, reefs protect the seagrass and mangroves
that serve as vital nurseries for many species of fish (Moberg and Folke 1999). Moreover, fish
from coral reefs can provide nutrients to these systems from their waste products. In addition to
the mangrove and seagrass ecosystems, coral reefs act as the spawning ground for many other
organisms. The high structural complexity of reefs allows up to 60,000 described reef species to
partition the small space and successfully coexist (Moberg and Folke 1999). Corals also serve an
important purpose as climate records. Corals deposit layers of growth that change in width and
density depending on environmental conditions. These rings can be used to examine change in
climate over time.
Additionally, coral reefs provide a variety of resources to humans. For one, coral reefs make up
9-12% of fisheries worldwide (Moberg and Folke 1999). Fish is an important protein source for
communities around the world and with increasing human populations, overfishing has become a
threat to reef ecosystem health. Coral reef organisms from sponges to seaweeds to corals have
been shown to have potentially important medical uses including anti-cancer compounds, antiinflammatory properties, and potential for bone graft uses. Coral reefs are also important
destinations for tourism and recreation (Guzman 2003). In 1990 in the Caribbean, coral reef
tourism employed over 350,000 people and earned 8.9 billion dollars. And finally, reefs are
important to many cultural and spiritual practices particularly in coastal and island communities
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around the world. Many of the above uses of coral reefs are assets but also contribute to the
decline of reef health such as extensive fishing on coral reefs and uncontrolled tourism (Moberg
and Folke 1999).
Threats to Coral Reef Health
Coral reefs face many threats in today’s climate. One primary global scale threat is ocean
warming which leads to decreased herbivore biomass, coral bleaching, and coral mortality (Mora
2008, Eakin et al. 2010). In the Caribbean, these warming events often coincide with the El Niño
Southern Oscillation weather pattern. When water in a region warms, the coral gets stressed and
expels its zooxanthellae which give the coral its color, and provide vital nutrients. The loss of
zooxanthellae exposes the white coral skeleton beneath. This phenomenon is known as coral
bleaching. Bleached corals are not necessarily dead, but will eventually die if conditions do not
improve. These mass bleaching events also make corals more vulnerable to disease even if the
bleaching does not kill them (Eakin et al. 2010). These events are predicted to become more
frequent as temperatures are predicted to rise between 1.8 and 4 degrees Celsius by 2050-2100
(Mora 2008, Houegh-Guldbergh et al. 2007). Some research has indicated that certain corals are
more resistant to temperature related bleaching than others due to the type of Symbiodinium they
contain. Studies have shown that corals with clade “D” Symbiodinium were more likely to
survive mass bleaching events and thus have a higher abundance after these events take place
(Baker et al. 2004).
Another major threat to coral reef health is ocean acidification. As carbon dioxide is emitted by
humans, about 25% of it is sequestered in the world’s oceans. When CO2 reacts with water, it
forms carbonic acid which eventually dissociates into bicarbonate ions and protons. The protons
also react with available carbonate ions to create more bicarbonate ions. These processes
increase the acidity of ocean water, and decrease the availability of carbonate ions. Acidic waters
and lack of carbonate ions slow calcification and eventually weaken coral skeletons through
erosion (Houegh-Guldbergh et al. 2007). As disruptive influences of storms, sea level rise, and
ocean warming continue to intensify, ocean acidification can leave corals vulnerable to damage
and make it harder for them to recover (Karlson and Cornell 1998, Houegh-Guldbergh et al.
2007).
Additionally, humans are a major threat to coral reefs and marine ecosystems in general.
Increases in human populations have been found to correlate with coral mortality and
macroalgae abundance, as well as loss of biomass of both herbivorous and carnivorous fish.
Tourism is a major factor affecting marine health as coastal development has been found to
increase coral mortality and decrease carnivorous fish abundance (Mora 2008). Along with
coastal development, tourism also leads to increased reef damage from boats and anchors due to
increased traffic, and encourages overfishing due to increased demand for seafood (Selig and
Bruno 2010, Camargo et al. 2008). In response to all of these stressors, coral reefs have been
experiencing compositional changes (Green et al. 2008, Cramer et al. 2012, Camargo et al.
2008).
Another aspect of human population increase that threatens coral reefs is sewage pollution. The
increase of nutrients in the water as a result of human sewage promotes algae growth. Extensive
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algae blooms can overgrow coral reefs threatening not only coral, but fish populations as well
(Risk et al. 2009). Studies have also shown that human waste may be a source of bacteria that
has caused white pox in Acropora palmata in the Caribbean. Fecal matter contains many
different kinds of bacteria, and in this case, one of those bacterial species was found to act as a
pathogen (Patterson et al. 2002). Loss of A. palmata reduces structural complexity of reefs thus
affecting the whole ecosystem, as Acropora have traditionally been important reef building
corals in the Caribbean.
Within Guna Yala specifically, one major threat to coral reefs is the mining of coral. Due to
increasing populations throughout Guna Yala, coral has often been mined in order to create coral
walls and landfills to artificially extend islands. A 2003 study showed that approximately 16,215
m3 of coral had been mined for visible walls, and an additional 46,087 m3 was used for
landfilling to extend islands (Guzman et al.). In some cases, this use of coral meant an increase in
island area by 93%. Meanwhile, uninhabited islands tended to decrease in area due to sea level
rise which confirmed that the increase in area was due to anthropogenic influence. Traditionally
these coral mining projects target Acropora palmata, which used to be abundant throughout the
Caribbean, along with other available massive corals. Recent changes in coral composition have
led to increased use of Porites furcata because it is abundant, and easier to remove than massive
corals. Coral mining demand forms a cycle, as removal of nearby shallow reefs causes coastal
erosion to increase. This erosion creates a need for more mined coral to fill any lost area and
potentially also create a breakwater up to 2 meters tall to protect the coast in the future. Reef
habitat loss from mining has been concentrated at depths of 0-3 meters and A. palmata has seen
especially high rates of decrease. Since A. palmata has traditionally been an important reef
building coral, this mining process often damages reefs in such a way that it is difficult for them
to recover. As a result, reef health is reduced and resources are less available to island
communities following extensive coral mining (Guzman et al. 2003).
Phase Shifts on Coral Reefs
As ocean waters change in response to a changing climate, certain reef building corals like
Acropora and Orbicella have decreased in abundance and been replaced by corals with “weedy”
life histories (Green et al. 2008, Cramer et al. 2012). Porites astreoides is one such species that
has been found to have increased in relative abundance between 1974 and 2004 (Green et al.
2008). Its small, fast growing colonies have high recruitment rates and multiple different kinds of
zooxanthellae which help it form new colonies and resist bleaching events (Green at al. 2008,
Camargo et al. 2008). Agaricia tenufolia has also been observed to have increased in relative
abundance as Acropora has slowly been phased out in many locations (Cramer et al. 2012,
Camargo et al. 2008). In addition to changes in coral species composition, increases in coral
mortality due to local and global stressors risk leading to a phase shift away from coral
dominated reefs, likely to an algae-dominated state, within a matter of decades (Graham et al.
2008). Maintaining ecosystem balance, particularly a sufficient abundance of herbivorous fish, is
an important tool in preventing these phase shifts by opening up space for coral larvae to
establish colonies (Graham et al. 2008).
Coral degradation over time as a result of the threats discussed above can lead to increases in
non-reef building organisms. These organisms occupy growing space and reduce the reef’s
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ability to recover the habitat heterogeneity created by corals. Typically, these shifts result in a
change to a macroalgae dominated state. Corals tend to recover well from natural disturbances
except in cases where they have already been stressed by human disturbance. In this scenario,
human interference in coral reef ecosystem dynamics reduces resilience and makes reefs more
vulnerable to disturbances (Moberg and Folk 1999).
Another factor that has been a major contributor to phase shifts on Caribbean coral reefs is the
mass mortality of the sea urchin Diadema antillarum which took place in 1983 along with
unusually warm ocean temperatures (Lessios 2005, Guzman et al. 2003). D. antillarum are
important grazers on coral reefs that help to control algae levels and maintain coral dominated
systems. Mass mortality of these sea urchins was first observed in Panama in 1983 and spread
northward to affect the rest of the Caribbean. In Panama, in the 6 months following mass
mortality of Diadema antillarum, algae biomass showed a 3000% increase (Levitan 1988).
Herbivorous fish are also important grazers that limit algae growth. However, in certain study
conditions it has been observed that herbivorous fish could not graze sufficiently to reduce algae
cover to levels observed before the D. antillarum mortality. This increase in algal cover in
response to decreased urchin populations coincided with warmer ocean conditions leading to
coral mortality in 1983. These events occurring simultaneously resulted in a sudden and dramatic
shift from coral dominated systems to algae dominated systems in many locations (Levitan
1988).
Marine Protection
One way to preserve ecosystem balance is by establishing marine protected areas (MPAs). MPAs
are implemented to manage and oversee uses of marine areas in order to protect the wildlife, and
establish balance between fishing, tourism, and other users (Camargo et al. 2008). Generally,
MPAs are primarily focused on controlling fishing in an area, with the belief that maintaining
fish populations benefits the entire marine ecosystem (Selig and Bruno 2010). As a result, MPAs
have been found to correlate with greater biomass of herbivorous and carnivorous fish. MPAs
have also been shown to maintain a stable level of coral cover while unprotected areas continue
to decline (Mora 2008, Selig and Bruno 2010). While coral loss driven by global stressors is less
likely to be controlled by MPAs, controlling local anthropogenic effects can greatly reduce coral
cover decline (Selig and Bruno 2010). Unfortunately, many MPAs worldwide have problems
with weak enforcement which lessen their effectiveness (Camargo et al. 2008). According to a
recent study, one such MPA is the Narganá protected area in Guna Yala, Panama (Solís Rivera et
al. 2012).
The Área Silvestre Protegida Narganá was declared by the Guna Local Association in November
1987 and covers 250,435 ha including 46,341 ha of marine coastal zones. The Guna General
Congress has the ability to establish or reject conservation projects as they see fit to benefit the
Guna people. The protected area has established projects such as instituting a closed season on
lobster fishing, and encouraging people not to dump their trash into the oceans. Community
members interviewed mentioned these projects and expressed that insufficient monitoring of the
projects led to reduced efficiency, and eventually the projects were difficult to maintain (Solís
Rivera 2012). When asked about the protected area, many community members were unaware of
the protected area, or did not differentiate between the ASP Narganá and smaller community
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protected areas (Nyquist 2014). Increased education about the boundaries and rules of the
protected area, as well as information about their projects were identified by interviewees as
steps to increase the effectiveness of the protected area. Organizations such as CENDAH and
Balu Wala have been noted to help educate local communities about the protected area and its
regulations (Solís Rivera et al. 2012). This education would help with another goal identified by
interviewees, which was to increase community involvement in the protected area and its
projects. Ultimately, protected areas, particularly within the comarca, require the support and
participation of local communities for them to work. Particularly in marine protected areas, it is
difficult to demarcate the area clearly, and effects of pollution or overfishing that occur
surrounding the protected area can still have negative impacts despite its protected status.
Across management styles, older MPAs were found to be more effective at preventing coral loss
(Selig and Bruno 2010). While coral cover was found to decline in unprotected areas worldwide,
the coral cover within MPAs remained stable over 38 years. Initially after the protected areas in
the study were established coral cover continued to decline. Eventually after a period of years,
however, the trend changed and coral cover began to increase by as much as 2% per year and
eventually stabilized (Selig and Bruno 2010). As a result, establishing and maintaining marine
protected areas where possible is important for the future of coral reefs, as long-term protection
has demonstrated benefits to coral and thus to coral reef ecosystems.
The Guna Yala Region, Panama
Panama has a unique flora and fauna due to its position as a land bridge between North and
South America. When this bridge formed, the Caribbean Sea and the Pacific Ocean were
separated on the north and south sides of Panama respectively (Leigh et al. 2014). Carbon rich,
nutrient poor, warmer waters resulted in a perfect habitat for coral reefs on the Caribbean coast.
Meanwhile, the Pacific coast experienced cooler, nutrient rich waters that support primary
production from plankton (Leigh et al. 2014). Seasonality in Panama also influences
biodiversity, with a dry season running from December to May and a wet season from June to
November (Waddell 2015). Temperature remains relatively constant with < 3 C fluctuation, and
highest temperatures occur during the wet season (Guzman 2003).
Some of the most diverse coral reefs in Panama are in Guna Yala, an indigenous comarca
governed and inhabited by the Guna people on the Caribbean coast. The comarca was
established in 1938 giving the Guna independence and control over the area (Guzman et al.
2003). The Guna Yala comarca covers 320,600 ha which includes 365 islands as well as forests
and coastal area. The population of the comarca is approximately 40,000 people, which is
roughly twice the population recorded in 1920 due to continued population growth throughout
the area (Guzman et al. 2003). Most of the population of the comarca lives on the islands, with
36 islands inhabited and 13 additional communities on the mainland of the comarca (Farnum and
Yángüez 2014). In 1972, Guna Yala was divided into four corregimientos which act as smaller
political units within the comarca. These corregimientos include Obaldia, Tubuala, Ailigandi,
and Narganá (Guzman et al. 2003).
This study took place on the reefs on Digir and nearby Buga, Dubbir, and Kanir Kinnidup
islands. Digir is a small island in the Narganá corregimiento with a community established
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marine protected area (MPA). The community is more traditional than nearby Narganá and
Corazón de Jesús, with more thatched palm roof houses and more women who wear molas, the
traditional Guna dress. The MPA on Digir was established by a local organization called Balu
Wala. The MPA includes the reefs surrounding one side of the island, and is enforced mainly
through social pressure and convention. Within the protected area, no fishing or removal of any
resources is allowed, but often takes place right outside the area’s limits. Other MPAs such as
this one have been attempted on other islands, but many eventually fail making Digir an example
of a success in this type of marine protection (Nyquist 2014).
Research Question
Is there a significant difference between the percent cover of sessile reef organisms, or the coral
species distribution on coral reefs between 1 – 3 meters deep in protected and non-protected
areas in Digir, Buga, Dubbir, and Kanir Kinnidup, Guna Yala, Panama?
Hypotheses
Null hypotheses:
1. There is no significant difference between percent cover of sessile reef organisms in
protected versus non-protected coral reef sites sampled.
2. Coral species contribute equally to overall coral cover across sites.
Alternative hypothesis:
1. There is a significant difference between percent cover of sessile reef organisms in
protected versus non-protected coral reef sites sampled.
2. Coral species contribute unequally to overall coral cover across sites.
Methods and Materials
Data collection for this study took place during the rainy season for two weeks in November on
the coral reefs in the Guna Yala comarca on the Caribbean coast of Panama. Reef sites were
sampled around Digir, both inside and outside the protected area, as well as around Buga,
Dubbir, and Kanir Kinnidup islands .
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Figure 1: (a) Regional map of Panama. Red box denotes study area shown in Fig. 1b. (b) Study
site map. Yellow stars mark boat landing locations at each island.
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At each reef, the GPS coordinates of the boat landing site were recorded (Figure 1). Then the
nearby reef was searched for an area that was 1-3 meters deep where the transects could be
conducted. Once the appropriate depth was found, the tape measure was tossed from the surface
and the starting anchor was placed at the closest appropriate spot to the landing location (Hinton
2014). This method was employed in order to randomize the location of the starting point of the
transect. The transect was run in whichever direction offered the most consistent depth from the
starting point, and the other end was anchored at least 10 meters from the starting point keeping
the measuring tape taut (Beenarts and Berghe 2005). Transects were spaced at least 5 meters
apart.
Five square meters were sampled along each 10 m long transect. Each 1 m2 quadrat was divided
into 10 x10 cm squares and all organisms beneath the crosshairs were quantified (Weinberg
1981). In the case of identification difficulty, a photo was taken with a Go Pro camera for later
identification with a guide book (Humann 1993). Agaricia corals were identified to the genus
level, as many colonies were difficult to identify more specifically. Three to 10 transects were
done at each site depending on time and weather. A total area of 165 m2 was sampled across 33
total transects: 10 transects in the Digir protected area, 5 in the unprotected area around Digir, 3
at Buga, 10 at Dubbir, and 5 at Kanir Kinnidup.
The percent cover of each organism was calculated. This data was compiled for all transects at a
site. Then sites were compared using t-tests to look for significant differences between types of
cover. Relative abundances of each kind of coral were then compiled for each site and compared
between sites also using t-tests. All t-tests were performed assuming unequal variance and with a
significance value of P=0.05. When comparing data, differences between individual sites were
examined as well as differences between protected versus unprotected sites, and between
inhabited versus uninhabited islands. Unprotected sites included Digir unprotected, Buga, Kanir
Kinnidup, and Dubbir, and protected sites included Digir protected. Uninhabited sites included
Buga, Kanir Kinnidup, and Dubbir, and inhabited sites included the protected and unprotected
areas around Digir.
Ethical Considerations
While this study did not contain any human subjects, steps were taken to ensure minimal harm
was done to the corals being sampled. When setting up the transects, the rebar stakes were placed
in sand or rubble patches, being sure to avoid any live coral or other living organisms. The
quadrat was placed gently at each sample location and carried horizontally between transects to
prevent hitting and damaging the reef. Additionally, when a boat was taken to an island it was
tied up on the beach which helped avoid damage done by an anchor.
Results
Porites porites, Porites astreoides, and Agaricia were the most abundant corals observed in this
study, representing 33.41%, 16.26%, and 8.88% respectively of total coral observed. As such,
these three corals were compared between sites to determine if they were contributing equally to
coral cover across sites.
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Figure 2: Relative abundances of coral species at each site. Error bars represent one standard
deviation in each direction.

Figure 3: Average percent of coral cover per quadrat represented by each species at different
sites.
P. porites
P. astreoides
Agaricia
11.86%
38.46%
15.34%
Digir protected
21.90%
38.16%
17.78%
Digir unprotected
0%
38.25%
3.93%
Buga
63.04%
2.38%
28.65%
Dubbir
26.48%
46.75%
18.53%
Kanir Kinnidup

Figure 4: Average percent of coral cover per quadrat represented by each species in protected,
unprotected, inhabited, and uninhabited reef sites.
P. porites
P. astreoides
Agaricia
11.86%
38.46%
15.34%
Protected
37.69%
24.48%
20.86%
Unprotected
15.21%
38.36%
16.15%
Inhabited
42.08%
20.68%
21.72%
Uninhabited
Dubbir had the highest average percentage per quadrat of P. porites with 63.04% of coral
observed, which was significantly greater than at Kanir Kinnidup which was the next highest at
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26.48% (P<0.0001, df=60) (Figure 3). As a result, the average percentage of P. porites was
significantly greater at Dubbir than at all other sites. Average P. porites relative abundance was
also significantly higher in unprotected reef sites than protected reef sites (P<0.0001, df=129)
and in reefs around uninhabited islands than those around inhabited islands (P<0.0001, df=159).
Average relative abundance of P. astreoides was significantly lower at Dubbir than the next
highest average relative abundance at Digir unprotected (P<0.001, df=25), and thus significantly
lower than all other sites. There were no significant differences between any other individual
sites. Average relative abundance of P. astreoides was significantly higher in protected reef sites
than unprotected reef sites (P<0.05,df=80), as well as significantly higher in reefs around
inhabited islands than around uninhabited islands (P<0.01, df=134).
Agaricia average relative abundance was significantly lower at Buga than at all other sites
(P<0.05, df=63) and differences between other sites were insignificant. There was no significant
difference in average relative abundance of Agaricia either between protected and unprotected
sites, or between reefs around inhabited and uninhabited islands.
Figure 5: Percent coral cover and algae cover at protected and unprotected sites, and around
inhabited and uninhabited islands.
Percent coral cover Percent algae cover
Protected sites

14.44%

59.26%

Unprotected sites

27.46%

50.8%

Inhabited islands

12.07%

61.28%

Uninhabited islands

33.06%

46.77%

Total coral cover was significantly higher in unprotected areas than in protected areas (P<0.0001,
df=138) and significantly higher around uninhabited islands than around inhabited islands
(P<0.0001, df=146). Additionally, coral cover in the protected area of Digir was significantly
higher than coral cover in the unprotected area of the same island with 14.44% and 7.31%
repectively (P<0.01, df=71) (Figure 6).
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Figure 6: Percent cover of sessile organisms and substrates at each site. Error bars represent
one standard deviation in each direction.
Across all sites, algae had the highest percent cover followed by coral. Of all these sites, Digir
unprotected had the highest algae ( P<0.05, df=72) and the lowest coral cover (P<0.01, df=71).
Dubbir had the highest coral cover at 38.74% (Figure 6) which was significantly higher than
Buga which has the next highest coral cover (P<0.05, df=60). Dubbir also had the lowest algae
cover of all the sites (P<0.01, df=57). Algae cover was significantly higher at protected sites than
unprotected sites (P<0.01, df=107), and significantly higher at inhabited than uninhabited sites
(P<0.0001, df=161) (Figure 6). There were no significant differences between sponge, anemone,
or fire coral cover at the different sites.
Discussion
Coral species did not contribute equally to overall coral cover between sites. P. astreoides
relative abundance was higher in protected areas and reefs near inhabited islands. Porites
astreoides has been found to increase in relative abundance in response to the loss of traditional
reef building corals like Acropora due to its weedy life history traits such as high fecundity and
brooded larvae (Green et al. 2008). As such, the higher relative abundance of P. astreoides in the
protected and inhabited areas is an indicator that the area around Digir is not as healthy as the
other unprotected sites sampled. The dominance of the Porites genus throughout the samples
represents a shift in coral species distribution. This shift could potentially have negative impacts
on overall reef health as Porites is a non-framework building coral and is vulnerable to
temperature shifts and storm damage (Gardner et al. 2003).
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Total coral cover was significantly higher and algae cover was significantly lower in
unprotected, and uninhabited areas sampled. Increased algae cover makes it harder for coral to
establish new colonies in an area, as the larvae need open reef space to settle (Graham et al.
2008). High algae cover can also be an indicator that an area is being overfished, as decreased
biomass of herbivorous fish results in less grazing of algae and less control over algae cover
(Mumby and Harborne 2010, Graham et al. 2008). Typically marine protected areas correlate
with lower algae cover, and consequently higher coral cover, due to increased biomass of
herbivorous fish (Mumby and Harborne 2010). In the case of Digir, the benefits of marine
protection do not seem to outweigh the negative impacts of being around an inhabited island.
A previous study showed that increases in human population correlated significantly with coral
mortality and algae cover, along with other negative health indicators on nearby reefs (Mora
2008). Differences in human populations near the protected and unprotected areas sampled could
be contributing to the finding that unprotected areas had higher coral cover. More specifically,
coral reefs near human populations have been found to suffer negative health effects due to
increased nutrients. Increased nutrients from human waste allow algae to outcompete coral.
Increased algae growth can also cause decreased fish biomass, as herbivorous fish prefer algal
turf rather than fleshy macroalgae (DeGeorges 2010). This theory of bottom-up macroalgae
control could explain the finding that the Digir unprotected area had the lowest coral cover and
highest algae, because that area experiences the most nutrient pollution and no restrictions on
fishing. The protected area of Digir is slightly healthier, as fishing restrictions help to preserve
herbivorous fish populations which provide top-down algae control. Uninhabited islands would
be expected to be healthiest, as lack of nutrient pollution limits algae growth and fishing
pressures are decreased with distance from human populations. Slower growing algae would also
be controlled more effectively by herbivorous fish, further supporting herbivorous fish
populations. Coral cover was higher than the average Caribbean coral cover of 10% (Gardner et
al. 2003) at all sites except the Digir unprotected area. This result supports the idea that protected
status and lack of nearby human population help preserve coral reef health and maintain coral
cover, and without either of these factors the reef health declines and coral cover is below
average.
While the data suggests that the protected area around Digir has been effective at keeping that
area healthier than the unprotected section around the same island, reefs around uninhabited
islands are still healthiest. The unprotected area around the inhabited island was the most
damaged reef based on the included indicators. Prohibiting removal of any resources from the
reef (Nyquist 2014) seemed to work in keeping the protected reef healthy compared to the
unprotected reefs around the same island. The protected area around Digir had higher coral cover
and lower algae than the unprotected section. This difference could be partially due to the fact
that the protected reef surrounds the tourist point of the island, which is kept grassy and
unpopulated except for 5 cabins and a restaurant. The rest of the island is much more densely
populated and thus the surrounding unprotected area experiences more of the nutrient pollution
problems discussed above (DeGeorges 2010). Nevertheless, the protected status was not enough
to overcome the effects of human impacts due to close proximity to the inhabited island. The
unprotected uninhabited sites showed higher coral cover and lower algae as well as lower
relative abundance of weedy coral species. Because sponge, anemone, and fire coral showed no
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significant difference in percent cover between sites, they were not useful indicators of
comparative reef health in this study.
One source of error in this study was that many coral heads had live coral around the sides of the
colony but the top was dead and covered in algae. As such, the methods of the study counted this
area as algae because the quadrats only captured a top-down view. The quadrat method works
best for an area with relatively low topographic complexity, and did not recognize areas with a
lot of vertical coral surface area. In future studies, three-dimensional quadrats or video transects
could be used to incorporate vertical coral surface area. An additional source of error in this
study was that transects were more spaced out towards the end of the study. At the beginning of
the study, transects for each sample were run at least 5 meters apart. With the sample size used in
this study, transects should have been spaced out more to cover a greater percentage of the reef
and give the most accurate picture of the state of each site. Similarly, waves were often too large
in a portion of the reefs making that area impossible to sample. With a longer period of study
there could have been more days with favorable weather conditions in order to include these
areas in the data.
Conclusion
The first null hypothesis, that there would be no difference in percent cover of sessile organisms
between protected and unprotected sites can be rejected for coral and algae. Protected areas in
this study had significantly higher algae and lower coral cover. Anemone, fire coral and sponge
showed no significant differences between sites, and thus the null hypothesis cannot be rejected
for these cases.
The second null hypothesis that coral species would contribute equally to coral cover across sites
can also be rejected. Relative abundance of P. porites was significantly highest at Dubbir, P.
astreoides was significantly lowest at Dubbir, and Agaricia was significantly lowest at Buga.
These results indicate that among the 3 most common coral species observed during this study,
there are significant differences between the relative abundances among the sites.
Ultimately this study reached its objective of comparing coral species distribution and percent
cover of different sessile organisms between protected and unprotected areas. The principle
finding of the study related to the unexpected variable of human population on the island nearest
the reef being sampled. The findings of this study showed that a 1-3 meter deep reef area near an
inhabited island, even if it is protected, tends to have lower coral cover, higher algae cover, and a
higher abundance of weedy coral species as compared to a reef surrounding an island that is
uninhabited. Among reef sites surrounding the inhabited island, however, protected areas showed
higher coral cover and lower algae cover than unprotected areas. This result suggests that while
marine protection is an important tool in protecting coral reefs, in this study area it was
insufficient to overcome the negative impacts of nearby human populations.
Recommendations
Further study should be done to investigate the relationship between human population and
protected status as these factors relate to coral reef health. Literature reviewed for this study
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analyzed the impacts of protected status or nearby human population, but not the interaction
between the two (Mora 2008, Selig and Bruno 2010). Reefs under different types of marine
protection could be compared for both inhabited and uninhabited islands. While this study was
able to compare a protected and unprotected area around the same inhabited island, comparable
data around uninhabited islands would be useful in substantiating conclusions about the impacts
of humans and protected status in conjunction with one another. Additionally, future study
should include depths beyond 3 meters. A previous study focusing on coral mining in Guna Yala
mentioned that the majority of coral mined for landfilling or walls were taken from depths up to
3 meters (Guzman et al. 2003). As a result, it is likely that coral reefs between 1-3 meters would
be most impacted by proximity to human populations as compared to deeper sections of the same
reefs. Expanding the scope of the study would include a wider range of reef areas and give a
more complete picture of reef health at each site. Lastly, this study did not look at fish biomass
or sightings of apex predators such as sharks, which are important reef ecosystem health
indicators. Future study could include these variables in order to examine the impact of human
populations and marine protection on a wider variety of reef organisms.
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